The bacteriostatic activities of monoacyl sugar alcohols with different acyl chains and hydrophilic heads were examined against some thermophilic sporeformers. Monomyristoyl erythritol and xylitol efficaciously suppressed their spore development. The number and orientation of the hydroxyl groups also played important roles in this activity, and monomyristoyl xylitol exhibited the highest activity among the monomyristoyl sugar alcohols.
Canned soft drinks are, in many cases, sold from vending machines in Japan, and some of them are stored at 50 to 70 C in the cold and cool seasons. There is a possibility in this temperature range that spoilage of the drinks by thermophilic bacteria occurs. Spore development is prevented or suppressed by adding a surfactant. [1] [2] [3] For this purpose, monoacyl glycerols 1, 4, 5) and sugar esters 2, 3, 6) are commonly used. Monolauroyl glycerol has been reported to be the most efficacious. 4, 5) The addition of a surfactant can produce a bitter taste depending on the surfactant type. Consumers desire the addition of a surfactant or emulsifier with sufficient bacteriostatic activity at as low a level as possible. In order to respond to these requirements, surfactants that are more efficacious than the commonly used surfactants and do not produce a bad taste should be found.
The hydrophilic head of a surfactant as well as the hydrophobic head plays an important role in the bacteriostatic or antimicrobial activity of the surfactant. 7) Sugar alcohols have chemical formulas similar to glycerol but are incorporated by the HCOH group(s) into glycerol. They possess hydroxyl groups of different numbers and orientations. We examined the bacteriostatic activities of the monoacyl sugar alcohols, regioselectively synthesized through the acylation at primary alcohols, against some thermophilic sporeformers. Canned coffee drinks containing milk and surfactants with different hydrophobic or hydrophilic head groups were prepared. Their sensory evaluation and emulsion stability were examined after sterilization and storage for 2 weeks.
meso-Erythritol (purity > 99%), ribitol (or adonitol) (> 99%), arabitol (> 99%), xylitol (> 98%), or sorbitol (reagent grade) was condensed with lauric (> 99%), myristic (> 98%), or palmitic (> 95%) acid in acetone using immobilized lipase from Candida antarctica, Chirazyme Ò L-2 C2 (Roche Molecular Biochemicals, Mannheim, Germany), to produce the corresponding monoacyl sugar alcohol using our previous methods. 8) All of the synthesized monoacyl sugar esters were purified by preparative HPLC equipped with a YMCPack ODS-AQ SH-343-5AQ column (250 Â 20 mm; YMC, Kyoto, Japan). The purity of each monoacyl sugar alcohol was over 98% based on their respective chromatograms. For comparison, the following surfactants, which are commonly used in the food industry as antimicrobial agents, were also used: monomyristoyl diglycerol (Product code: DM-100) and monopalmitoyl diglycerol (DP-100) (Riken Vitamin, Tokyo), and myristoyl sucrose (M-1695) and palmitoyl sucrose (P-1670; purity > 70%) (Mitsubishi Kagaku Foods, Tokyo).
The bacteriostatic activities of the surfactants were measured against Gram-positive bacteria including Geobacillus stearothermophilus (JCM9488), Bacillus coagulans (NBRC3557), Bacillus cereus (JCM2152), Bacillus subtilis (JCM2499), Moorella thermoacetica (JCM9320), and Alicyclobacillus acidocaldarius (IFO15652). For comparison, yeast Saccharomyces cerevisiae (NBRC0203) and Gram-negative Eschericia coli (NBRC3301) were also used.
A monoacyl sugar alcohol was dissolved in water at 1,250 mg/l by heating in a microwave oven, and then added to an agar medium to give a specified concentration. The concentration was in the range of 1.6 to 100 mg/l. The medium was autoclaved at 121 C for y To whom correspondence should be addressed. Fax: +81-75-753-6285; E-mail: adachi@kais.kyoto-u.ac.jp
Biosci. Biotechnol. Biochem., 70 (1), [263] [264] [265] 2006 Note 15 min. Bacterial spores, which had been heat-shocked at 80 C for 10 min, were inoculated on the agar plate at about 10 4 to 10 6 CFU for the Gram-positive bacteria and 10 3 to 10 4 CFU for S. cerevisiae and E. coli, and then cultivated at a temperature adequate for the growth of the microorganism. The pH of the incubation solution for A. acidocaldarius was adjusted to 4.0 by adding 10% (w/v) tartaric acid. After a 7-d incubation, the number of colonies was counted to determine the minimum inhibitory concentration (MIC) of each monoacyl sugar alcohol for each microorganism. Table 1 shows the MICs of the monoacyl erythritols and xylitols with different acyl chains versus the spore development of the thermophilic bacteria. For comparison, the MICs of the esters against S. cerevisiae and E. coli were also examined. The bacteriostatic activities of the monoacyl sugar alcohols were compared with those of the monomyristoyl and monopalmitoyl diglycerols and monomyristoyl and monopalmitoyl sucroses, which are commonly used in food or food processing.
There was a tendency for the monomyristoyl esters to show strong bacteriostatic activities against the thermophilic sporeformers regardless of the hydrophilic head type. Monomyristoyl erythritol and xylitol had the same activities as monomyristoyl diglycerol or higher for suppressing the growth of the thermophilic bacteria. In particular, monomyristoyl xylitol appeared to be the most efficacious bacteriostatic agent for the thermophilic Gram-positive bacteria among the tested esters.
All the esters lacked activity to suppress the growth of S. cerevisiae and E. coli.
The bacteriostatic activities of the various monomyristoyl sugar alcohols against three thermophilic Grampositive bacteria and yeast were measured ( Table 2 ). The sugar alcohol type significantly affected their activity. Although arabitol, ribitol, and xylitol are sugar alcohols with five carbons and only the orientation of the hydroxyl group is different, their bacteriostatic activities were different, especially against B. cereus. All the tested esters were very effective in suppressing the spore development of A. acidocaldarius, which is a strictly aerobic bacterium and is often a contaminant in fruit juice. Thus, both the number and orientation of the hydroxyl group of the monoacyl sugar alcohols play important roles in their bacteriostatic activities, as well as the acyl chain length. It has been reported that the antimicrobial activities of surfactants are related to their adsorption on spores, 6) their hydrolysis by esterase, 9) and the resulting formation of fatty acids, 1) but, the reason the antimicrobial activity of monoacyl sugar alcohols depends on their type has not yet been elucidated.
A coffee drink containing a surfactant at 400 mg/l was prepared according to common procedures. The surfactants included monopalmitoyl diglycerol (DP-100), monopalmitoyl sucrose (P-1670), and the monodecanoyl, monolauroyl, monomyristoyl, and monopalmitoyl erythritols. The composition beyond the surfactant was 52 g/l roasted coffee beans, 53 g/l sucrose, 100 g/l milk, and 850 mg/l sodium bicarbonate. After the drink was canned and sterilized at 123 C for 18 min, it was stored at 60 C for 2 weeks. Taste and visual tests were then carried out by eight male and three female trained panelists. The pH values of the fresh and stored drinks were also measured (Table 3) . Although the addition of the emulsifiers decreased the score in the taste evaluation, the taste was fully acceptable except for monodecanoyl and monolauroyl erythritols.
The emulsion stability, which was examined by a visual test, and a sensory evaluation after storage are summarized in Table 3 . The pH values of the fresh and stored drinks are also shown. The monomyristoyl and monopalmitoyl erythritols having a high bacteriostatic activity gave the same scores in the taste evaluation and emulsion stability as monopalmitoyl sucrose, which has been widely used in the practical preparation of soft drinks. Most of the panelists felt that monomyristoyl erythritol was the best among the tested emulsifiers, although the scores were the same for the three emulsifiers. 
